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Abstract—For a macroalga Cladophora glomerata, the
extracellular matrix on the surface of algae cell, extracellular
polymeric substances (EPS) has a gel-like structure that could
fractioned into loosely bound EPS (LB-EPS) and tightly bound
EPS (TB-EPS). The ratio of protein to polysaccharides (P/S) is
TB-EPS is higher than LB-EPS. The contents and extraction
rate of EPS were compared two chemical extraction methods
(formaldehyde-NaOH and NH4OH). The analysis demonstrated
that more extraction rates of EPS were achieved by the
formaldehyde-NaOH method. The protein to polysaccharides
ratio(P/S) in EPS is between 0.299 to 0.375 by
formaldehyde-NaOH and between 0.232 to 0.374 by NH4OH.
The results indicated that the EPS could be efficiently extracted
by the formaldehyde-NaOH method, but the influence of P/S
ratios were not obvious.

Index Terms—Cladophora glomerata, algae, extracellular
polymeric substances (EPS), protein, polysaccharide

I. INTRODUCTION
EPS are the products of cellular lysis and hydrolysis of

macromolecules with a high molecular weight, and they
usually produced by microoganisms [1]-[3]. Based on
binding force with cell, the EPS are usually divided into
loosely bound EPS(LB-EPS) and tightly bound EPS(TB-EPS)
[4]-[6].
Cladophora is a genus of large filamentous green algae

commonly found in a variety of marine and freshwater and
provides habitat and food for numerous organisms. It may be
the most abundant macroalgae in freshwater worldwide [7].
The cell surface of C. glomerata can excrete large amounts of
EPS and then form a unique mucilage layer. It is a high
protential for EPS exploration algae. However, the EPS
extraction methods of C. glomerata and the features of EPS
were not explored.
The application of algae EPS in the industry has been

valued. The demands for natural polymers in various
industrial applications have increased, and therefore, novel
algae have been used to synthesize high-value products [1],
[8], [9].
This study compared the EPS extraction yield of the large

freshwater algae C. glomerata and the levels of its primary
major contents of polysaccharides and proteins with two
different chemical extraction methods of NH4OH and
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formaldehyde-NaOH. We expect to establish an EPS
extraction and analysis procedures biotechnology from C.
Glomerata, and explore its potential in industrial
development.

II. MATERIALS AND METHODS

A. Algae and Microscopy
In this study, the species C.glomerata were collected from

the Zengwun River (23°04'N, 120°04'E) in southern Taiwan.
The algae with India ink was applied to visualize the EPS
structure in mucilage layer of algae [10], [11] using the
microscopy. The algae were washed twice with tap water,
placed at room temperature for 2h naturally drain, and then
used for EPS extraction.

B. EPS Extraction
Samples were suspended in a 0.05% NaCl solution and

centrifuged at 5000g for 20 min, with the liquid collected for
LB-EPS measurement [12], [13].
The remaining algae samples were resuspended with

0.05%NaCl solution for TB-EPS extraction using
Formaldehyde-NaOH and NH4OH chemical method.
(1) NH4OH: remaining algae+0.05%(w/w) NaCl

solution to 100ml+50ml 0.1M NH4OH at 4℃ for 1h.
(2) Formaldehyde-NaOH: remaining algae+0.05%

(w/w) NaCl solution to 100ml+50ml 36.5%
Formaldehyde-NaOH at 4℃ for 1h.
The treated suspension was centrifuged (15000g) for 20

min with the suspension being collected (Fig. 1).

Fig 1. Procedures for the two EPS extraction methods for C.glomerata.
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C. Analysis Method
All chemicals used in this work were of analytical grade.

Polysaccharide content was determined by the
phenol-sulfuric acid using glucose as a standard [14]. Protein
content was determined according to Bradford (1976) with
bovine serum albumin BSA, Sigma A2153 100mg/ml [15].
The total EPS content was measured as the sum of these two
substances.

III. RESULTS AND DISCUSSION

A. Microscopy and Comparison of Polysaccharide with
Protein in EPS

Microscopic examination by India ink reverse staining
showed appearance of extracellular matrix on the surface of
algae cell. The EPS had a gel-like structure that could
fractionated into loosely bound EPS (LB-EPS) and tightly
bound EPS (TB-EPS) (Fig. 2). Two chemical extraction
methods (formaldehyde-NaOH and NH4OH) were applied to
extract the EPS. The EPS and composition resulting are
showed in Table I, Fig. 3(Formaldehyde-NaOH method) and
Table I, Fig. 4(NH4OH method). The formaldehyde-NaOH

method exhibited the higher efficiency, with the
polysaccharide and protein contents of 2.3 mg g-1 and 5.5 mg
g-1in the TB-EPS, respectively. Comparing TB-EPS and
LB-EPS, the results also show that polysaccharides rather
than proteins became the prodominant compositions in
TB-EPS.

Fig. 2. Mucilage layer stucture of C.glomerata.

TABLE I: COMPARISON OF CONTENTS AND EXTRACTION YIELDS OF EPS BY FORMALDEHYDE-NAOH METHOD

Extracted
method

EPS
extractions Organic matter contents (mg g-1 fresh algae)

Formaldehyde-NaOH protein polysaccharide EPS(protein+
polysaccharide

Potein
/polysaccharide

LB-EPS 2.30 0.65 2.95 3.54
1.86 0.59 2.45 3.15
2.47 0.77 3.24 3.21
1.81 0.52 2.33 3.48
2.03 0.69 2.72 2.94
2.39 0.72 3.11 3.32

TB-EPS 2.06 6.53 8.60 0.316
2.35 5.47 7.82 0.324
2.23 5.71 7.94 0.299
2.47 4.80 7.27 0.375
2.65 5.68 8.33 0.346

1.94 4.91 6.85 0.303

TABLE II: COMPARISON OF CONTENTS AND EXTRACTION YIELDS OF EPS BY NH4OHMETHOD

Extracted
method

EPS
extractions Organic matter contents (mg g-1 fresh algae)

NH4OH protein polysaccharide EPS(protein+
polysaccharide

Potein
/polysaccharide

LB-EPS 2.25 0.63 2.88 3.59
2.14 0.61 2.75 3.54
2.38 0.82 3.19 2.91
1.82 0.53 2.35 3.42
1.92 0.63 2.55 3.05
2.35 0.74 3.09 3.16

TB-EPS 1.53 4.10 5.64 0.374
1.38 3.67 5.05 0.292
1.48 3.73 5.21 0.303
1.16 3.40 4.56 0.269
1.16 4.06 5.22 0.232
1.15 3.29 4.44 0.275
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Fig. 3. Comparison protein and polysaccharide in EPS from NH4OH
extraction method.

Fig. 4. Comparison protein and polysaccharide in EPS from
formaldehyde-NaOH extraction method.

B. Comparison of Contents and Composition at
Different Extraction Method

The results are shown in Table III and Fig. 5. The data
reflect the average results from 6 repeated measurements,
which showed that the average EPS extraction yield of
formaldehyde-NaOH is greater than NH4OH, and the
variation of P/S ratios.
This study further compared the primary contents of EPS

with different extraction methods. The results showed that
using different extraction methods can lead to different
eatraction yields of EPS, the ratios of protein to
polysaccharide in EPS also significant different [16].

Fig. 5. Comparison protein to polysaccharide ratio in TB-EPS from
Formaldehyde-NaOH and NH4OH extraction methods.

TABLE III: COMPARISON OF CONTENTS AND EXTRACTION YIELDS OF EPS BY DIFFERENT EXTRACTIONMETHODS
EPS

extractions Extracted method Organic matter contents (mg g-1 fresh algae)

protein polysaccharide EPS(protein+
polysaccharide

Potein
/polysaccharide

LB-EPS Formaldehyde-NaOH 2.14±0.23 0.66±0.09 2.80±0.36 3.27±0.22
NH4OH 2.14±0.28 0.66±0.10 2.80±0.32 3.28±0.28

TB-EPS Formaldehyde-NaOH 2.28±0.26 5.52±0.63 7.80±0.65 0.327±0.028
NH4OH 1.31±0.17 3.71±0.33 5.02±0.45 0.291±0.047

IV. SUMMARY

In this study of macroalgae EPS, the extraction and
analysis of EPS is a most challeging work. To compare the
extration yields of EPS from C.glomerata mucilage layer
(LB-EPS and TB-EPS) and the changes in its primary
contents of polysaccharides and proteins with two different
chemical extraction methods (formaldehyde-NaOH and
NH4OH), the study results show that: (1) EPS (Both contents
of polysaccharide and protein) could be efficiently extracted
by formaldehyde- NaOH method. (2) The ratios of protein to
polysaccharide in LB-EPS are not obvious different.
C.glomerata is a widely distributed dominant macro-green

algae. In its natural habitat, C.glomerat has great potential in
EPS extraction. These preliminary study results help us
understand the extraction methods of EPS applicable to large
algae, and the influence on its primary contents.
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